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Introduction:
It is generally required in bone remodeling and repair that new osteoblasts should be constantly produced from multipotential mesenchymal cells, which have the capacity to differentiate into a variety of cell types including osteoblasts (1, 2) . In the tissue engineering approach to repair bone defects, a population of mesenchymal cells is cultured on the biomaterials substrate, some of which are already committed osteoprogenitors and others are still undifferentiated. Thus, mesenchymal cells challenge the implant materials with a complex task. The ideal implant materials are required not only to promote the further differentiation of committed osteoprogenitors, but also to induce the osteogenic commitment of undifferentiated cells.
Several recent studies have examined the proliferation and differentiation capacity of stem cells using rat marrow stromal cells (MSC) seeded on various materials with the potential to be used as implant materials (1) (2) (3) (4) (5) (6) (7) (8) . In a previous study, it has been shown that culturing rat MSC on poly (lactic-co-glycolic acid)-bioactive glass composites (PLGA-BG) increases osteogenic differentiation (9).
Thus, a major objective of the experiments described in the present study is to probe the mechanism by which PLGA-BG composites promote the osteogenic commitment and differentiation of multipotential MSC. Therefore, this study will use primary MSC rather than bone-derived osteoblasts or osteoprogenitor cell lines.
It has been reported that there is considerable species variation among mammalian MSC with regard to their ability to undergo osteogenesis (11) (12) (13) This species variation includes differences in growth factor requirements, osteogenic capacity, and the response to osteogenic stimuli (11) (12) (13) . Since rat has been widely used as animal model to study the osteogenesis of MSC, rat MSC was used in this study. To examine the species variation in response to stimuli in vitro, the behavior of rat MSC was compared with that of human MSC.
The starting point of the study is the observation that MSC present on the tissue culture plastic surrounding the dense BG discs were producing significantly more alkaline phosphatase (ALP) than distant cells (14) . Moreover, it was found that this observation was independent of inducers, suggesting that BG constituents may contribute to the increased production of ALP (14) .
In a study in which human osteoblast-like cells were cultured on a silicon containing compound zeolite A, it was found that the increase of cell DNA synthesis and ALP activity was dose dependent. The authors proposed that it was due to the dissolution products of zeolite A (15) . Other experiments with ROS cells showed that cells surrounding porous bioactive glass disks had higher alkaline phosphatase activities than untreated controls (16, 17) .
These observations form the basis for the present study on the solutionmediated effect of PLGA-30%BG composite on MSC described here. The major focus in this study is to test whether incorporation of the BG into PLGA will lead to the solution-mediated effects on osteogenic commitment of MSC.
Furthermore, it is the goal to examine the mechanisms underlying the solutionmediated effects of the BG.
Methods and materials:
Formulation of polymer/ceramic composites PLGA-30%BG microspheres were produced by emulsification as described in a previous study (8, 18, 19) . Briefly, 65-35 PLGA (MW: 100K, Medisorb) was dissolved in methylene chloride (CHCl 3 ), and then 30 weight% BG 45S5 powder (45% SiO 2 , 24.5% CaO, 24.5% Na 2 O, and 6% P 2 O 5 by weight) (< 40 µm particle size) was added to the solution. This mixture was added dropwise to a stirred poly (vinyl alcohol) (PVA) solution. Microspheres were isolated by filtration, washed with deionized water, air dried and then vacuum dried. Dried particles were sieved using a nylon mesh. The PLGA-30%BG microspheres of a specific size range (350 to 500 µm) were poured into a 12 mm diameter Teflon mold and heated at 65ºC for 4 hours to produce a porous scaffold.
Rat MSC cultures
Rat marrow cells from femora of 4-week female Wistar rats were isolated as previously described (20 In order to promote attachment, cells were allowed to adhere to the scaffold for 30 min prior to the addition of 6 ml media. Some of the cells penetrated the scaffold and attached to the tissue culture plastic dishes. In this paper, the cells physically located on the tissue culture plastic around the scaffolds are denoted as "surrounding cells" (Figure 1 ). Cells were cultured under humidified conditions, at 37°C and 5% CO 2 for periods up to 9 days. The cell culture medium was changed every two days and contained 100µg/ml ascorbic acid and 10 -7 M dexamethasone (Dex). The control group consisted of cells cultured in a PLGA scaffold. As the primary osteoblast differentiation marker we quantified ALP activity as previously described (20) All ALP activity measurements were made in triplicate and expressed as means ± standard deviations. The results of experiments using at least 3 independent primary cell preparations were averaged.
Results
To quantify the effect of incorporating BG into PLGA on the osteogenic differentiation of marrow stromal cells, we kinetically assayed the alkaline phosphatase activity of cells cultured on porous scaffolds as a function of time for showed no significantly effect of PLGA-30BG as PLGA alone (figure 8b).
Discussion
Our studies focus on the molecular mechanisms underlying the effects of PLGA-BG composites on the osteogenic commitment of MSC. In previous studies, we demonstrated that the incorporation of BG powder into PLGA microspheres produced a composite that is osteogenic. While the previous studies concentrated on surface-mediated effects, this study examined potential solution-mediated effects of PLGA/BG composite.
Based on the previous data suggesting that cells cultured nearby but not on BG discs showed increased alkaline phosphatase activity (14), we tested whether PLGA-BG scaffolds could induce the osteoblastic differentiation of MSC cultured around scaffolds by examining ALP, OPN, OCN, and BSP expression.
We found that the MSC surrounding seeded PLGA-30%BG scaffolds expressed a higher level of alkaline phosphatase than those surrounding seeded PLGA scaffolds at day 7 and 9. It is plausible that ions such as Ca, PO 4 or Si released from the BG in PLGA-30%BG scaffolds can influence osteogenesis. One alternative possibility is that osteogenic factors produced by cells that adhere to the PLGA-BG scaffold diffuse into the cell culture medium and affect the differentiation of cells present on the plastic well. One set of candidates for osteogenic factors are BMPs, which are known to be produced by MSC (21, 22) .
It should be noted that, while our studies examine two quite different potential mechanisms for osteoinductive effects, these two mechanisms need not be mutually exclusive. Since one portion of the surrounding cells were in direct contact with scaffold, we could not exclude the possibility that the higher level of ALP was partially due to the direct effect of PLGA-30%BG composite on which a Ca-P rich layer formed. Thus, we cannot totally exclude surface-mediated effects from solution-mediated effect of PLGA/BG composites in this study.
Real-time PCR analysis revealed that, after 7 day of culture, cells on BG composite scaffolds expressed a higher level of ALP, OPN, OCN, and BSP mRNA messages compared with those on PLGA scaffolds (Figure 3) . ALP is a cell-linked polypeptide that can remove nucleation inhibitors and the level of ALP activity indicates the stage of osteoblastic differentiation (23) . The higher ALP expression on BG composite culture at day 7 suggests that BG promotes osteoblastic differentiation. Osteopontin is thought to be responsible for cell attachment at a bone remodelling site and for regulation of crystal formation and growth because of its ability to bind HA (24) . Osteocalcin is a calcium binding protein, which is synthesized by the osteoblast and secreted into the matrix at the time of bone mineralisation (24, 25) . BSP is unique to mineralized tissues. It is expressed in osteoblasts and associates with the osteoid matrix, BSP is a good marker for osteoblastic differentiation (26) . Thus, a high expression of ALP, OPN, OCN, and BSP in cells suggests that BG promote osteogenic differentiation and mineralized tissue formation, resulting in rapid bone bonding.
We knew that rat MSC cultured surrounding the seeded PLGA-30%BG scaffolds showed on elevated ALP, but couldn't confirm whether the BG-derived components were responsible (Figure 4) . In order to exclude any direct surfacemediated effects of scaffolds on ALP activity and osteogenesis, we physically 
